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Background: The combination of tiotropium and fluticasone propionate/salmeterol (FSC) is
commonly used to treat chronic obstructive pulmonary disease (COPD), but no study had eval-
uated the effectiveness of tiotropium plus FSC with 250 mg of fluticasone propionate. Our aimuberculosis and Respiratory Diseases and Korea Chronic Obstructive Pulmonary Disease study group.
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Fluticasone
propionate/
salmeterolwas to assess whether tiotropium (18 mg once daily) plus FSC (250/50 mg twice daily) provides
better clinical outcomes compared to tiotropium monotherapy.
Methods: In this 24-week, randomized, open label, multicenter two-arm parallel study, 479
patients received tiotropium plus FSC (n Z 237) or tiotropium alone (n Z 242).
Results: After 24 weeks of treatment, the triple-inhaled treatment group had a significant
improvement in pre-bronchodilator FEV1 (L) compared to the tiotropium-only group (0.090 L vs.
0.038 L; PZ 0.005). Regarding health-related quality of life, the mean change in total score on
the St. George’s Respiratory Questionnaire for COPD patients (SGRQ-C)was6.6 points in the tio-
tropium plus FSC group, but1.5 points in the tiotropium-only group (PZ 0.001). In the subgroup
of GOLD stage II patients with COPD, treatment with tiotropium plus FSC also improved FEV1
compared to tiotropiumalone (0.088L vs. 0.030L;PZ0.011) and improved thetotal SGRQ-Cscore
than tiotropium alone (4.5 points vs. 1.0 points, respectively). This triple-inhaled treatment
approach did not induce more adverse events, such as pneumonia.
Conclusion: Over the course of 24 weeks, FSC (250/50 mg twice daily) added to tiotropium
provided greater improvement in lung function and quality of life in patients with COPD
(FEV1  65%) than tiotropium alone.
ª 2011 Elsevier Ltd. All rights reserved.Introduction
The goals of chronic obstructive pulmonary disease (COPD)
management are to control the symptoms of the disease,
reduce the frequency and severity of exacerbations, and
improve health in general.1 To achieve therapeutic goals,
current guidelines for the diagnosis and treatment of
patients with COPD recommend a combination of different
classes of bronchodilators or that of an inhaled cortico-
steroid (ICS) and a bronchodilator.1e6 To maximize the
benefits of combination therapy, particularly in moderate-
to-very-severe COPD, the triple combination of the long-
acting anticholinergic tiotropium plus an ICS and a long-
acting b2-agonist (LABA) has been explored.
Recently, the Canadian Respiratory Research Group
demonstrated that triple combination therapy of tio-
tropium and fluticasone propionate/salmeterol (FSC;
500 mg fluticasone propionate and 50 mg salmeterol, twice
daily) provided greater improvement in hospitalization
rates, health-related quality of life, and pulmonary func-
tion compared to tiotropium monotherapy.7 However,
a reduced dose (250 mg) of fluticasone propionate in FSC
twice daily has also shown efficacy in substantially
improving symptoms and lung function, including airflow
obstruction and hyperinflation in patients with COPD5,8 and
has a relatively low risk of inducing pneumonia compared to
a higher dose of fluticasone propionate in FSC.9,10 So far, no
study had evaluated the efficacy and safety of triple-
inhaled therapy using tiotropium plus FSC with 250 mg
instead of 500 mg of fluticasone propionate.
Therefore, this study was planned to evaluate whether
the triple combination of tiotropium and FSC 250/50 mg
twice daily provides clinical improvement in patients with
COPD (FEV1  65%) compared to tiotropium monotherapy.
Methods
Design
We conducted a randomized, open label, multicenter two-
arm parallel study in 30 academic hospital-basedpulmonary clinics in Korea. This study was approved by the
institutional review board of all 30 institutes including Asan
Medical Center (2009-0085), and all trial participants
provided written informed consent.
Patients
We enrolled patients diagnosed with COPD, who had a post-
bronchodilator forced expiratory volume in 1 second
(FEV1)/forced vital capacity (FVC) ratio of less than 0.70
and FEV1 of less than 65% of the predicted value in the past
1 year or at screening. Eligible patients were 40e80 years of
age and had a smoking history of at least 10 pack-years. The
exclusion criteria were as follows: a history of physician-
diagnosed asthma or a chronic respiratory disorder other
than COPD that was clinically significant; any uncontrol-
lable or serious disease that might affect participation in
the study; use of systemic corticosteroids or immunosup-
pressant within 4 weeks prior to study entry; any malignant
diseases; a history of severe glaucoma, urinary tract
obstruction, or previous lung volume reduction surgery;
women who were pregnant or lactating; and a known
hypersensitivity or intolerance to tiotropium or FSC.
Randomization and interventions
After a 2-week run-in period, eligible patients were
randomized to one of two treatment groups for 24 week
treatment: tiotropium (Spiriva HandiHaler [Boehringer
Ingelheim Pharma, Ingelheim, Germany]), 18 mg once daily;
or tiotropium, 18 mg once daily plus FSC (Seretide Diskus
[GlaxoSmithKline, UK]), 250/50 mg/puff, 1 puff twice daily.
Randomization was done in a 1:1 ratio through
a computerized random-number generator. Neither
research staff nor patients were aware of the treatment
assignment until randomized.
All patients were provided with a salbutamol inhalation
aerosol and instructed to use it when necessary to relieve
symptoms. Before the run-in period, patients stopped their
usage of inhaled corticosteroid and long-acting bronchodi-
lators, but therapy with other regular medications such as
384 K.S. Jung et al.oxygen, mucolytics, and methylxanthines was allowed
throughout the study in all patients. To check adherence to
the study regimen, inhalers were collected at every visit
and the number of doses taken or capsules used in each
inhaler was recorded.
Outcome measurement
The primary endpoint was the mean change in pre-
bronchodilator FEV1 (L) from baseline to week 24 for the
comparison of tiotropium plus FSC with tiotropium alone.
Secondary outcome measures were as follows: mean
changes in pre-bronchodilator FEV1 (L) from baseline to
week 4, 8 and 16; mean changes in pre-bronchodilator
inspiratory capacity (IC); FVC and percent predicted (%
pred) values for FEV1; mean changes in health-related
quality of life; the frequency of COPD exacerbations;
exacerbations requiring hospitalization, emergency room
visits, or outpatient clinic visits; and hospitalization rates
for all causes. Patients conducted spirometry at baseline
and weeks 4, 8, 16, and 24 after randomization, according
to criteria established by the American Thoracic Society.11
The % pred values for FEV1 and FVC were acquired using
spirometry prediction equations from Morris et al.12 The IC
% pred value was calculated using the following
equations13:
Predicted IC ðmaleÞZ0:66 ½0:0600 height ðcmÞ  0:0214
 age 4:650
Predicted IC ðfemaleÞZ 0:66 ½0:0491 height ðcmÞ
 0:0216 age 3:590
The same type of spirometer was not used at all centers.
To reduce bias, spirometer calibration was conducted
before every test and technician training was performed to
meet acceptability and reproducibility criteria of spiro-
metric results at all centers. Results of pulmonary function
tests from all centers were sent to a central institution via
e-mail or fax. If the quality of sent results did not meet the
established criteria, immediate feedback was given to
repeat pulmonary function tests within 24 h.
Health-related quality of life was assessed with the St.
George’s Respiratory Questionnaire for patients with COPD
(SGRQ-C) and subscores of symptoms, activity, and impact
in the SGRQ-C were analyzed.14 An exacerbation was
defined as symptomatic deterioration requiring the short-
term use of oral/intravenous steroids, antibiotics, or
both, by the physician’s discretion.15
Safety evaluation
Safety was evaluated through the collection of reports of
adverse events, serious adverse events, treatment related
adverse events, and adverse events related to study
discontinuation. In addition, research coordinators
assessed adverse events at each visit by using the checklist
of potential side effects. Physicians decided the expect-
edness, severity and causality to the study drugs of every
event. Patients who experienced an adverse event werefollowed up until symptoms or signs of the adverse event
subsided or returned to baseline.
Statistical analysis
One hundred eighty-six patients per group provided 90%
power with a significance level of 0.05 to detect a treat-
ment difference of 0.059 L in pre-bronchodilator FEV1
between the tiotropium plus FSC group and the tiotropium-
only group,7 assuming a standard deviation of 0.194 L. In
total, 466 patients (233 per treatment group) were
recruited to allow a dropout rate of 20%.16
The primary outcome and secondary outcomes for
spirometry values and SGRQ-C were analyzed using analysis
of covariance (ANCOVA) with baseline FEV1 values, gender,
and pooled centers as covariates. A subgroup analysis with
patients having moderate COPD was performed (post-
bronchodilator FEV1 50% to 65% at screening) for mean
changes in pre-bronchodilator FEV1, IC, or FVC from base-
line to week 24.
Analyses were performed with SAS software, version 9.2
(SAS Institute, Inc., Cary, NC).
Results
Patients were enrolled from April 2009 to March 2010. Of
534 patients recruited, 479 underwent randomization
(Fig. 1). Twenty-four patients who were randomized
without any outcome measurements were included only in
the safety analysis. In total, 455 patients were included in
the efficacy population.
The mean age was 67 years, with men comprising 98.0%
of this population. The mean value of post-bronchodilator
FEV1 was 1.31 L and % pred value was 50.8. A similar
proportion of patients received theophylline, systemic
corticosteroid, or anti-infective agents (Table 1).
The rate of adherence to treatment was high in both
groups (94e96% of the prescribed doses taken).
Primary outcome
The tiotropium plus FSC group improved in pre-
bronchodilator FEV1 (L) after 24 weeks of treatment signif-
icantly more than the tiotropium-only group (P Z 0.005)
(Fig. 2). Within the tiotropium plus FSC group, the value of
pre-bronchodilator FEV1 (L) at week 24 was significantly
higher compared to the baseline value (0.090 L, PZ 0.010),
whereas no significant improvement occurred within the
tiotropium-only group (0.038 L, P Z 0.283).
Secondary outcomes
Lung function
In the tiotropium plus FSC group, improvement in pre-
bronchodilator FEV1 (L) was significant from week 4 to week
16 over baseline, whereas no significant differences were
observed in the tiotropium-only group. At week 24, the pre-
bronchodilator FEV1% pred value increased by 4.57% in the
tiotropium plus FSC group compared to 2.41% in the
tiotropium-only group (P Z 0.003) (Fig. 2).
534
Enrolled
479
Randomized
FSC+TIO
n=237
55
Screening failure
206
Completed
• No administration of 
study drug (N=6)
• No efficacy 
measurement (N=8)
ITT
n=223
Drop-out (n=31)
• Lost to follow up (n=3)
• Adverse event (n=2)
• Withdrawal (n=8)
• Others (n=18)
Drop-out (n=33)
• Lost to follow-up (n=2)
• Non-compliance (n=1)
• Adverse event (n=4)
• Withdrawal (n=12)
• Others (n=14)
• No administration of 
study drug (N=4)
• No efficacy 
measurement (N=6)
TIO
n=242
ITT
n=232
209
Completed
FSC = fluticasone propionate/salmeterol combination; TIO = tiotropium; ITT = intention-to-treat.
Figure 1 Algorithm of patient flow from enrollment to study completion.
Table 1 Patient demographics and baseline charac
teristics.
Parameter Treatment
FSC þ TIO
n Z 223
TIO
n Z 232
Mean age (SD), y 67.0 (7.1) 67.8 (6.4)
Male, n (%) 217 (97.3) 229 (98.7)
Body mass index (SD), kg/m2 22.2 (3.3) 21.8 (3.2)
Baseline spirometrya
Mean FEV1 (SD), L 1.22 (0.36) 1.21 (0.34)
Mean percent predicted
FEV1 (SD)
47.4 (12.9) 47.5 (12.8)
Mean IC (SD), L 1.83 (0.51) 1.82 (0.47)
Mean percent predicted
IC (SD)
72.6 (19.7) 72.7 (17.5)
FVC (SD), L 3.14 (0.7) 3.07 (0.67)
Mean percent predicted
FVC (SD)
84.8 (15.7) 83.9 (16.8)
GOLD stage, n (%)
II 126 (56.5) 140 (60.3)
III 91 (40.8) 82 (35.3)
IV 6 (2.7) 8 (3.5)
Concomitant medication,
n (%)
Theophylline 70 (31.4) 72 (31.0)
Systemic corticosteroid 23 (10.3) 25 (10.8)
Anti-infective agent 67 (30) 55 (23.7)
FSC Z fluticasone propionate/salmeterol combination;
TIO Z tiotropium; IC Z Inspiratory Capacity; GOLD Z Global
Initiative for Chronic Obstructive Lung Disease.
a No variable showed a statistically significant difference
between two groups.
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6.83% were observed at week 24 in the tiotropium plus FSC
group compared to 0.079 L and 5.26% in the tiotropium-only
group (P Z 0.055 and P Z 0.135, respectively) (Fig. 3).
Within the tiotropium plus FSC group, a pre-bronchodilator
IC (L) at week 24 significantly increased over baseline
(0.130 L, PZ 0.010), whereas no significant difference was
observed within the tiotropium-only group (0.079 L,
P Z 0.127) (Fig. 3).
Within the tiotropium plus FSC group, FVC (L) signifi-
cantly improved at week 24 over the baseline (P Z 0.044),
but no significant differences were seen in the tiotropium-
only group (P Z 0.180) (Fig. 3).
Quality of life
Twenty-four-week combination therapy with tiotropium
plus FSC significantly improved health-related quality of
life compared to tiotropium monotherapy. Over the study
period, the mean change in SGRQ-C total score was 6.6
points in the tiotropium plus FSC group compared to 1.5
points in the tiotropium-only group (P Z 0.001). At week
24, differences in SGRQ-C scores between the two groups
were 4.5 points, 6.1 points, and 4.5 points for subscores of
symptoms, activity, and impact, respectively (Fig. 4).
Acute exacerbation
The number of patients with COPD exacerbations was
numerically lower in the tiotropium plus FSC group
compared to the tiotropium-only group, although the
difference was not significant (17.5% vs. 20.3%, respec-
tively; PZ 0.462). No significant differences were observed
in the rates of hospitalization, visits to the emergency room
or outpatient clinics for COPD exacerbations, or the all
cause hospitalization between the tiotropium plus FSC
group and the tiotropium-only group.
Figure 2 Mean change in FEV1 from baseline to each visit using ANCOVA: (A) FEV1 (L), (B) FEV1 (%).
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Both treatments were well tolerated, and the overall inci-
dence and severity of adverse events were comparable
between the two groups. Twenty patients (8.7%) in the
tiotropium plus FSC group and 16 patients (6.7%) in the
tiotropium-only group experienced serious adverse events.
Discontinuations due to adverse events were rare in both
groups, with 4 patients (1.7%) in the tiotropium plus FSC
group compared to 7 (2.9%) in the tiotropium-only group
(P Z 0.545). The most frequently reported adverse event
was a productive cough in patients receiving tiotropium
plus FSC (13.4%), whereas dyspnea was the most frequently
reported event in the tiotropium-only group (12.6%). Two
cases of pneumonia were reported in each treatment
group, and one patient in the tiotropium group was with-
drawn due to pneumonia.
Subgroup analysis with GOLD stage II (FEV1 50% to
£65%) patients
Of the 479 patients randomized, 266 (55.5%) GOLD stage II
patients with COPD at screening (FEV1 50% to 65%) were
included for subgroup analysis (126 in the tiotropium plus
FSC group and 140 in the tiotropium-only group).
Treatment with tiotropium plus FSC was superior to
treatment with tiotropium alone for improvement of FEV1
in the moderate COPD (FEV1 50% to 65%) group (Fig. 5).
Over 24 weeks, the pre-bronchodilator FEV1 increased
significantly by 0.088 L in the tiotropium plus FSC group
compared to 0.030 L in the tiotropium-only group
(P Z 0.011). Significant improvement of IC and FVC from
the baseline was observed in the tiotropium plus FSC group;
however, no significant difference existed in mean change
between the two groups (P Z 0.183 in IC and P Z 0.956 in
FVC between the groups).
In health-related quality of life, tiotropium plus FSC
provided a greater improvement in the SGRQ-C total score
than tiotropium alone (4.5 points vs. 1.0 points,
respectively). In the overall rate of exacerbation, no
significant difference was observed between the twogroups (19.0% for tiotropium plus FSC vs. 17.1% for tio-
tropium alone; P Z 0.750).
Discussion
In our study, we observed that tiotropium and FSC with
250 mg of fluticasone propionate provided greater
improvement of FEV1 than tiotropium alone in patients with
COPD (FEV1  65%), and the SGRQ-C score also increased in
triple-inhaled therapy group with clinical significance
throughout the study. Although the overall rate of exacer-
bations did not decrease, this treatment approach did not
induce more adverse events such as pneumonia. This
beneficial effect of triple-inhaled therapy was identical to
the subgroup of GOLD stage II patients with COPD (FEV1 50%
to 65%).
Although studies have demonstrated the beneficial
impact of triple-inhaled therapy in patients with
COPD,7,17,18 this is the first one using FSC with 250 mg of
fluticasone propionate twice daily plus tiotropium to eval-
uate the efficacy and safety of triple-inhaled therapy.
Adding FSC with 250 mg of fluticasone propionate to tio-
tropium showed superior improvement in pulmonary func-
tion, especially pre-bronchodilator FEV1, than tiotropium
alone. Over the treatment period, triple-inhaled therapy
with FSC of 500/100 mg daily and tiotropium significantly
increased pre-bronchodilator FEV1 by 171 ml compared to
tiotropium monotherapy at increments of 111 ml. These
data are in line with the 12-month OPTIMAL7 study using
FSC of 1000/100 mg daily, and the 3-month CLIME17 study
using budesonide/formoterol plus tiotropium, presenting
a difference of around 60 ml in the pre-bronchodilator FEV1
between triple-inhaled therapy and tiotropium
monotherapy.7,17
Regarding total SGRQ-C score and subscores of symp-
toms, activity, and impact, patients undergoing triple-
inhaled therapy improved more than 4 units after a 24-
week treatment compared to baseline, which is clinically
meaningful. They also showed a significant difference of
more than 4 units compared to those treated with
Figure 3 Mean change in Inspiratory capacity and FVC from baseline to each visit using ANCOVA: (A) Inspiratory capacity (L), (B)
Inspiratory capacity (%), (C) FVC (L), (D) FVC (%).
Figure 4 Mean change in the SGRQ-C from baseline to week
24 using ANCOVA.
Triple inhaled therapy in COPD 387tiotropium alone. Compared to the CLIME study reporting
a total SGRQ score improvement of 3.8 units in the triple-
inhaled therapy group using budesonide/formoterol and
tiotropium, our findings show clinically meaningful
improvements and suggest that adding FSC to tiotropium
has substantial clinical benefits in health-related quality of
life.
Triple-inhaled therapy using FSC of 500/100 mg daily and
tiotropium in our study did not increase concerns or risks of
pneumonia. Previous studies on triple therapy, including
the OPTIMAL study, which used FSC 1000/100 mg daily, re-
ported a significant increase in pneumonia compared to
placebo or tiotropium monotherapy.7,19,20 Studies reporting
the risk of pneumonia in conjunction with the use of ICS
showed more risks of pneumonia with higher doses of ICS,
which suggest a doseeresponse relationship of ICS and the
risks of pneumonia.9,10 Thus, our study finding that a lower
dose of FSC clinically improves lung function and health-
related quality of life without raising the risks of pneu-
monia is meaningful for treating patients with COPD
(FEV1  65%).
Figure 5 Mean change in FEV1 from baseline to each visit using ANCOVA in GOLD stage II patients: (A) FEV1 (L), (B) FEV1 (%).
388 K.S. Jung et al.We had approximately half of the randomized patients
categorized into GOLD stage II. The subgroup analysis of
GOLD stage II (FEV1 50% to 65%) patients also demon-
strated the benefits of FSC in combination with tiotropium
in acquiring greater improvement of lung function
compared with tiotropium monotherapy. Moreover, an
increase of more than 4 points in total SGRQ-C score in this
group indicates that triple-inhaled therapy is clinically
beneficial to health-related quality of life. To date, the
clinical evidence of triple-inhaled therapy for GOLD stage II
patients is still necessary. This study, reporting beneficial
effects of triple-inhaled therapy, could provide therapeu-
tically important information for the treatment of GOLD
stage II (FEV1 50% to 65%) patients.
Our study had several advantages compared to previous
studies. First, specialists in respiratory medicine at each
center cared for the enrolled patients. Second, since the
primary outcome of our study was lung function improve-
ment, the quality of pulmonary function tests at each
center had been strictly controlled and monitored by
a central institution via e-mail or fax. This verification
process resulted in the maintenance of qualified lung
function tests, which reduced potential performance bias
that would possibly be apparent in multicenter studies.
Last, our study had a low dropout rate of only 13% in both
groups. This relatively low dropout rate attenuated the
attrition bias, which could affect the validity of the study
results. Thus, the statistical power obtained in our study is
valid to demonstrate the beneficial effect of tiotropium
plus FSC on the primary outcome.
The potential limitation of our study lies in its open-
labeled design. Patients who received tiotropium plus FSC
might subjectively have responded more actively to lung
function tests and SGRQ-C than those who received tio-
tropium alone. Also, physicians might have been biased on
the treatment of enrolled patients, which could have
resulted in a nonsignificant change of pre-bronchodilator
FEV1 in the tiotropium-only group. However, improvement
in pre-bronchodilator FEV1 via tiotropium monotherapy was
comparable to that in the study by Niewoehner et al.,21 and
bias could have been minimized since the technicians whoperformed lung function tests were not aware of the allo-
cated medications of the patients. The other limitation is
that generalizing our observations from the subgroup
analysis to mild COPD is difficult since the upper limit for
study eligibility mandated that post-bronchodilator FEV1
was less than 65% in post-bronchodilator FEV1% pred.
In conclusion, FSC (500/100 mg per day) added to tio-
tropium provided greater improvement in lung function and
quality of life in patients with COPD (FEV1  65%) over the
course of 24 weeks. Although the overall rate of exacer-
bation did not decrease, the treatment approach did not
increase adverse events such as pneumonia. This study
demonstrates that triple-inhaled therapy of FSC (500/
100 mg per day) plus tiotropium was beneficial in the
management of COPD (FEV1  65%).Potential conflicts of interest
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